INTRODUCTION
Maternal depression, a common and debilitating mental disorder, is known to be associated with adverse effects on infant and child health and development. [1] [2] [3] While there is clear evidence of increased risk of stillbirth, and suggestive evidence of increased mortality among offspring of mothers with serious mental illnesses ( psychotic disorders), 4 the evidence pertaining specifically to the impact of maternal depression on infant survival is limited and inconclusive.
In a Taiwanese national registry linkage study, maternal depression in the year after birth was independently associated with a subsequent 1.5-fold (95% CI 1.2 to 1.9) of increased mortality risk for children up to 5 years of age. 5 In an Ethiopian cohort study, 6 the 561 children of women who had been screened for depression in the previous year, and who were born within 1 year of their mother's assessment, were followed up Strengths and limitations of this study ▪ Large prospective cohort. ▪ Focus on depression over the immediate postnatal period, and on infant mortality in the first 6 months of life. ▪ Strong supporting evidence of independent associations with infant morbidity that provides some evidence of the likely pathways leading to early infant death. ▪ Cannot exclude respondent bias, particularly an effect of maternal depression on the mothers' reports of infant morbidity. ▪ Establishing causality is challenging, given the often chronic, remitting and relapsing nature of depression.
for mortality until the age of 3 years; there was a borderline association between antenatal maternal depression and child mortality (rate ratio (RR) 2.3, 95% CI 1.0 to 4.9), and a greater mortality risk when combined with mothers' experiences of physical (RR 4.0, 95% CI 1.6 to 10.1) or emotional (RR 3.7, 95% CI 1.3 to 10.4) abuse. In a recent cohort study from Ethiopia, 7 of the 969 children whose mothers were screened for common mental disorder (CMD) at pregnancy and after birth, and who were followed up for 3.5 years, there was no association between: antenatal CMD, postnatal CMD or both, with child mortality. Sudden infant death syndrome is the leading cause of infant deaths between 1 month and 1 year in developing countries, 8 and probable postnatal depression has been identified as one of the risk factors in developed country settings. 9 No studies to date appear to have assessed the impact of depression in the immediate postnatal period on subsequent infant mortality. This is the period of maximum vulnerability for child deaths, 10 and a critical time for mother-child bonding, 11 when the demands of providing good quality nurturance and care are most challenging for the mother.
In this paper, we present findings on the association between probable postnatal depression, and subsequent infant mortality and morbidity from the Depression nested within the ObaapaVitA and Newhints trials (DON) study carried out to assess the burden, determinants and consequences of antenatal and postnatal depression in rural Ghana.
MATERIALS AND METHODS
Study design DON is a cohort study of perinatal Depression nested within the ObaapaVitA 12 and Newhints 13 cluster randomised controlled trials conducted in seven contiguous districts in the Brong-Ahafo Region of Ghana. The ObaapaVitA trial evaluated the effect of weekly vitamin A supplementation in women of reproductive age on maternal mortality, and the Newhints trial assessed the impact of home visits by lay community health volunteers on neonatal mortality. These trials were supported by 4 weekly home surveillance of women of reproductive age to identify pregnancies, births, infant and maternal deaths and morbidity information. DON was carried out from late January 2008 to early August 2009, and comprised depression assessments in the 4 weekly surveillance visits following identification of pregnancy and in the visits following reporting of a delivery.
Both trials were registered with clinicaltrials.gov: ObaapaVitA, number NCT00211341; Newhints, number NCT00623337.
Setting
The study area covers a population of about 700 000 14 with more than 120 000 women of reproductive age, 13 and more than 15 000 births a year. The infant mortality rate (IMR) is 63/1000 child-years and the neonatal mortality rate is 31/1000 live births. 12 The area is predominantly rural, but has four medium-sized towns ( populations of at least 40 000). Routine identification and treatment for antenatal/postnatal depression in primary care does not exist. Access to orthodox mental health services is limited, and help for mental ill health is generally provided by traditional healers and spiritual/ healing churches. 15 Participants Participants were mothers who had a live birth reported between 24 March 2008 and 11 July 2009, who were screened for probable postnatal depression between 4 and 12 weeks post partum (some of whom had also had depression assessed at pregnancy), and whose infants survived to this point.
Data collection
Data were collected through the surveillance system supporting the ObaapaVitA and Newhints trials, in which all women of reproductive age were visited every 4 weeks by resident fieldworkers, who collected data on pregnancies, births and deaths. The sociodemographic, socioeconomic, pregnancy and obstetric history data were collected when a pregnancy was identified, and a pregnancy depression assessment was conducted at the next 4 weekly visit. Information about the pregnancy, delivery, the baby (or babies) and the newborn care practices was collected at the first visit after the birth. A postnatal assessment was carried out at the following 4 weekly visit. Subsequent 4 weekly visits were made to collect data on the infant until their first birthday.
Exposure
The assessments of antenatal and postnatal depression were made by administering the Twi (widely spoken language in Ghana and the study area) version of the nineitem Patient Health Questionnaire (PHQ-9). The PHQ-9 is a structured questionnaire that enquires after the nine symptom-based criteria for a probable diagnosis of Diagnostic and Statistical Manual of Mental Disorders, fourth edition (DSM-IV) 16 depression, duration and severity of the symptoms. Symptoms reported as present for at least half the time in the previous 2 weeks are rated positively. Either depression or anhedonia (loss of interest or pleasure) must be rated, with a total of five or more symptoms for major depression and two to four symptoms for minor depression. In contrast with symptom-based scale scores, these criteria therefore identify individuals with persistent and pervasive symptoms, characteristic of a clinically significant depressive episode. In its initial review, it recorded sensitivity and specificity of 0.88 at a cut-off of 10, 16 and high positive predictive value. 17 The PHQ-9 has been previously validated among women who recently delivered within the same study population and showed superior psychometric properties when compared with the Edinburgh Postnatal Depression Scale 18 -it recorded a sensitivity of 0.94 and specificity of 0.75 at a cut-off of 5. As part of the cross-cultural adaptation of the PHQ-9 to the study setting referred to above, qualitative accounts supported the construct of depression that existed in this setting, as mothers referred to the experience as a 'worrying' or 'thinking' sickness.
Outcomes
Outcomes were assessed every 4 weeks by resident fieldworkers until 1 year after birth and, in one of these visits, a postnatal depression assessment was also completed. The primary outcome was all-cause early infant mortality expressed per 1000 infant-months of follow-up from the time of postnatal assessment to 6 months of age. The secondary outcomes were (1) all-cause infant mortality from the time of postnatal assessment to 12 months of age and (2) reported infant morbidity from the time of the postnatal DON assessment to 12 months of age. Morbidity indicators were: any ill health on the day of visit; any serious illness in the past month requiring care-seeking outside the home; and occurrence in the past 24 h of diarrhoea, vomiting, cough, fever and frequent crying.
Potential confounders
A priori potential confounders were: maternal characteristics (age, marital status, education status, occupation, ethnicity, religion and rural or urban residence); pregnancy and obstetric variables ( parity, preterm delivery and mode of delivery); and infant characteristics (sex and perceived size of baby as a proxy for birth weight). In addition, an overall socioeconomic 'score' for each woman was generated using factor analysis techniques after the methods described by Vyas and Kumaranayake. 19 Briefly, this score is based on household possession/absence of a set of assets grouped under several themes including ownership of land, animals, presence of electricity and/or electrical goods, water source, type of latrine, number of residents per room and materials used in construction of housing. Principal component analysis (using the correlation matrix to ensure that all included variables had equal weight) was then performed to assign each asset a factor score based on the strength of its correlation to the first principle component (which is assumed to be the optimal measure of economic status). Individual asset factor scores were summed for each woman to provide a measure of her overall socioeconomic score, where the higher the score, the higher the assumed economic status of the household. Women were ranked according to these socioeconomic scores into wealth quintile groups. Intervention status was not included as prevalence of postnatal depression was comparable in the intervention and control arms of the Newhints trial.
Statistical methods
Multiple births were excluded from all analyses given the high risk associated with infant mortality, particularly in Africa, 20 and the possible association with probable postnatal depression. 21 Poisson regression was used to examine the association between probable postnatal depression and infant mortality, adjusting for the a priori potential confounders listed above. In addition, we tested for the moderating effect of relevant covariates by fitting appropriate interaction terms in the model. In order to account for the possible influence of reverse causality from illness that culminated in the deaths that occurred close to ascertainment of probable postnatal depression status, we conducted sensitivity analyses excluding those deaths that occurred, first within 1 week and second within 30 days after postnatal depression assessment. Only those babies whose deaths were ascertained within the period of follow-up were included in the analyses.
Additional analyses compared infant mortality between: women not depressed at either antenatal or postnatal assessments, women depressed only at antenatal assessment, women depressed only at postnatal assessment and those depressed at both. Kaplan-Meier survivor function was used to plot cumulative infant survival graphs for the four groups from birth until 12 months of age, excluding any deaths that occurred before the postnatal depression assessment.
For the association between probable postnatal depression and infant morbidity, we used mixed-effects repeated measures logistic regression models with random intercept at the infant level, including the same potential confounders aforementioned, plus month of visit. The delta method was applied to predict risk/rate ratios (RR) with 95% CIs for individuals with zero random effect using the marginal standardisation technique. 22 We also estimated the attributable risk per cent ( percentage of early infant deaths among women with probable postnatal depression, ie, attributed to exposure to probable postnatal depression) and the population attributable fraction ( percentage of early infant deaths that would be prevented if the effect of probable postnatal depression is removed). All analyses were conducted using STATA V.11. 23 
Ethical considerations
Informed consent (by signature or thumbprint) was obtained for each woman. Figure 1 summarises the recruitment profile. 21 283 deliveries were identified through 4 weekly surveillance visits between 24 March 2008 and 11 July 2009. Of these, 18 356 mothers (86%) completed the PHQ-9 depression screen after birth (live/stillbirth) between 4 and 12 weeks; 1450 (7%) were absent at the screening visit, 208 (1%) women were visited but PHQ-9 was not completed, 1244 (5.8%) were screened but not within 4 and 12 weeks and 25 (0.1%) declined to participate. After excluding stillbirths, multiple births, infant deaths that occurred before postnatal depression assessment and mothers who died after postnatal depression assessment, 17 032 were eligible for analyses. Of these, 16 560 (97%) mother-infant pairs had complete information on all potential confounders, contributing 130 infant deaths and 67 457.4 infant-months of follow-up to the analysis. Of these, 12 618 had also been screened for depression during pregnancy.
RESULTS
The prevalence of DSM-IV postnatal depression was 3.5% (n=591; 95% CI 3.2 to 3.7). A detailed profile of study participants is provided in a companion paper. 24 In brief, the population was predominantly rural (70%), 90% percent of the mothers were married or cohabiting and 36% had no formal education. ; table 1) . The effect at 6 months was similar when infant deaths occurring within 7 days or within 30 days of the date of the postnatal depression assessment were excluded (table 1) . Among the potential confounders included in the model only timing of delivery ( preterm) was also associated with an almost fivefold increased risk of infant deaths up to 6 months of age (adjusted RR 4.61, 95% CI 2.02 to 10.51). A further test for effect modification suggested the associations observed with probable postnatal depression and early delivery with infant deaths were independent, as there was no evidence of interaction. We further estimate that 65% of early infant deaths among depressed mothers are attributable to their depression. This translates to a population attributable fraction of 8.8% of all early infant deaths in this population, which has a relatively low prevalence of probable DSM-IV major/minor postnatal depression of 3.5%. Figure 2 shows the infant survival curves up to 12 months of age excluding babies who died before the time of the postnatal depression assessment, for the four groups categorised by maternal depression status. As can be seen, survival is lowest for infants of mothers with probable postnatal depression (whether postnatal only, or antenatal and postnatal) compared to those with no depression or those with only probable antenatal depression. This is confirmed by Poisson regression analysis (see online supplementary table 1.1), which showed that infant mortality among offspring of mothers depressed antenatally but not postnatally was similar to that of offspring of mothers who were not depressed at either assessment point (adjusted RR 1.32, 95% CI 0.68 to 2.56 p=0.408). In contrast, infant mortality was substantially higher for offspring of mothers with probable postnatal depression, whether they also had probable antenatal depression or not (adjusted RR 3.19, 95% CI 0.99 to 10.17 p=0.050). Although the prevalence of exposure was comparable between arms and there was no statistically significant effect of the Newhints intervention on neonatal mortality, we conducted a post hoc analysis adjusting for the intervention effect of Newhints and the results were unchanged, as expected (adjusted RR 2.82, 95% CI 1.55 to 5.14 p=0.001). Table 2 shows increased risks associated with probable postnatal depression for infant morbidity indicators. Additional analysis indicated that these increased risks of infant morbidity were also apparent for women with antenatal depression only, although with generally smaller effect sizes than those for either postnatal depression only, or for those with both antenatal and postnatal depression (see online supplementary table 1.2).
Postnatal depression and risk of infant death
All-cause infant mortality from the time of postnatal depression assessment up to 6 months of age (adjusted RR 2.86, 95% CI 1.58 to 5.19) was almost three times higher among infants of depressed mothers compared to those not depressed, and almost twofold up to 12 months of age (adjusted RR 1.88, 95% CI 1.09 to 3.24
Risk of infant morbidity

DISCUSSION
We found that maternal probable postnatal depression was independently associated with subsequent increased risk of infant mortality up to 6 months and up to 12 months of age and with increased infant morbidity. Analysis of the separate effects of probable antenatal and postnatal depression suggests that the postnatal period may be critical for infant survival; the offspring of mothers with probable postnatal depression have an increased mortality risk, while those with probable antenatal depression have an increased morbidity risk. Thus, probable antenatal depression leads to more morbidity than mortality, and this is confirmed in our companion paper on consequences of antenatal depression for the mother and newborn.
Our results are consistent with recent findings from a large national register linkage study in Taiwan. 5 However, our study is unique in that it focuses on depression over the immediate postnatal period, and on infant mortality in the first 6 months of life. Other strengths are that: we employed a large prospective cohort, measured depression exposure using a validated and standardised tool, and encountered few refusals. We acknowledge several limitations: despite the prospective design we cannot exclude respondent bias, particularly an effect of maternal depression on the mothers' reports of infant morbidity. We also acknowledge the challenges in establishing causality, given the often chronic, remitting and relapsing nature of depression. The PHQ-9, however, can only provide approximations to DSM-IV depression, it is not a diagnostic tool and we are only able to provide probable diagnosis of postnatal depression in our study. We also note that our nested design meant that women had regular 4 weekly visits from resident fieldworkers enquiring about their health; these visits may have some therapeutic effects. These therapeutic effects may explain our relatively low prevalence (compared to previous high estimates from sub-Saharan Africa), and thus suggest that the prevalence of probable postnatal depression may have been underestimated in our setting. Furthermore, even though we set out to investigate associations between probable postnatal depression and all-cause infant mortality, it would have been useful to assess cause-specific mortality in order to further understand the mechanisms that explain why risk is greater among mothers with postnatal depression. Unfortunately, we could not obtain these data at the time of conducting these analyses. We may conjecture, however, that the excess mortality risk observed may be attributed to the increased morbidity risk among infants whose mothers are depressed. For example, dehydration from infant diarrhoea is a wellestablished cause of infant death. 25 Finally, our results may only be generalisable to singletons, given the fact that we excluded multiple births in our analyses.
In this study, we sought to identify probable clinically significant depressive episodes, and therefore used the PHQ-9 item ratings to give an approximation to DSM-IV major or minor depression diagnostic categories. 17 26 As expected, this gave a lower prevalence than using the PHQ-9 CMD cut-off 5+ score (3.5% compared to 6.7%). The only systematic review of prevalence rates of postnatal depression based mainly on score cut-offs in sub-Saharan Africa reported much higher estimates (18.3% (95% CI 17.9 to 19.1%)), 27 as expected; prevalence estimates from primary studies ranged from a low of 3.2% to a high of 48%. The number of infant deaths reported in this analysis is relatively low for such a reasonably large sample and the known IMR in this setting. The reason for this is that though the sample comprised all deliveries recorded between 2008 and 2009, we only included infant deaths that we had information on during the period of follow-up specified, and those whose mothers had a depression assessment completed. It is thus very possible that some infant deaths occurred post the follow-up period, but these were not counted as we did not follow-up all babies right up to 6 and 12 months of age. We also think that the timing of assessments may explain the relatively fewer number of deaths in our cohort; the contribution to the IMR could have been lost for mothers assessed later.
Our report has raised important dimensions on the risk factors for early infant deaths by confirming the already established evidence of the association between poor birth outcomes, and neonatal and infant mortality, and producing new evidence of the potential role of poor maternal mental health on child survival. There are several possible reasons to explain why probable postnatal depression may be associated with infant deaths. First, we cannot rule out reverse causality in this study. Thus, a mother's depression may have been triggered by her infant's severe or terminal illness, and the subsequent death of the infant may not be confidently attributed to depression. Reassuringly, sensitivity analyses excluding infant deaths that occurred 1 week, or 4 weeks after the depression assessment, showed similar findings as shown in table 1. Nevertheless, causality can be convincingly demonstrated by a trial showing that treating postnatal depression results in improved infant survival. Second, the strong and independent associations with morbidity observed in this report and by other authors in Africa, 28 South Asia 29 30 and high-income countries, 31 32 provide evidence of the biological plausibility to our findings. Third, the following potential mechanisms could explain the association observed: poor mother-infant interaction, 33 reduced stimulation, 34 inability to prevent injuries, 35 36 and poor adherence to child survival interventions 29 37 including childhood immunisations, 30 good hygiene behaviours such as handwashing before feeding, and safe food preparation and storage, 38 and prompt care seeking for childhood illnesses. 1 It is interesting to note that in this study, within the context of perinatal depression, probable postnatal depression alone is the main determinant of infant deaths in the immediate postpartum period, and not when probable postnatal depression is combined with probable antenatal depression. The possible reasons for this are that: (1) the potential mechanisms outlined above are more relevant in the postnatal period; (2) in this setting up to 85% of antenatal depression remits spontaneously, 24 and this may suggest a gradual weakening effect of probable antenatal depression by the time of birth. Probable antenatal depression may not be strongly associated with mortality outcomes but it is certainly implicated as a risk factor for infant morbidity. The pathway linking probable antenatal depression and infant morbidity may be explained by downstream effects of reported consequences of antenatal depression such as: suboptimal care provided during the neonatal period, 39 poor maternal self-care, nutrition, lack of sleep 40 and peripartum/postpartum complications experienced by the mother. 41 Our study is the first large population-based cohort from sub-Saharan Africa to investigate the association between probable postnatal depression and infant survival, supported by a plausible mechanism indicated by associations with infant illness. We have reported robust findings of public health importance, but would encourage further testing of this hypothesis in other settings to improve the external validity of our findings. In the meantime, there is a strong case to intervene in cases of mothers who are depressed. Aside from the effect on infants, in other studies, the disorder has been shown to be associated with considerable disability and reduced quality of life for the mother, 42 and to affect the family. 43 Our findings provide support for the detection and treatment of clinically significant depression in the postnatal period, and re-echoes the call to address maternal depression as a human rights issue needing urgent attention. 44 Evidence for the successful integration of mental health in primary care using lay community human resources in low-income and middle-income settings exists, 1 45-47 and models for scale up have been provided by the WHO through its Mental Health Gap Action Programme (mhGAP). 48 The mhGAP primary care guidelines on tackling perinatal depression require that antidepressants should be avoided as far as practicable, but recommend, as a first step, the need to address psychosocial stressors, and to reactivate social networks through psychological and psychosocial interventions such as interpersonal psychotherapy, behavioural activation, or cognitive-behavioural therapy, in addition to effective referral and supervision support from specialists.
We recommend that trials are urgently designed to evaluate the impact of different strategies to tackle postnatal depression. We further recommend that these trials should include infant mortality as an outcome to clarify whether the association found is causal, and to test whether treating postnatal depression in conjunction with improving the care-giving environment, as suggested by other authors, 49 particularly for babies born preterm, leads to improved infant survival. Tackling postnatal depression alongside improving pregnancy outcomes may, therefore, have a role to play in achieving the millennium development goal for child survival as well as being essential for optimal child development. part of this study for consenting and for their time. The surveillance team who collected and supervised the collection of the data are duly commended for their hard work. They also thank the staff of the Kintampo Health Research Centre, and especially those in the mental health unit, for their role in training field staff. They are also very grateful to the Ghana Health Service institutions within the KHRC study area for maternal and child health research collaborations.
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